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ABSTRACT 
The fast-growing strains of R. japonicum were originally isolated 
from China. They are acid-producing Rhizobia and are capable of nodu­
lating soybeans. These isolates share a common host-specificity 
(Peking soybean) with the slow-growing R. japonicum strains even though 
their biochemical properties are more closely related to other fast­
growing Rhizobium species. The surface polysaccharides from three fast­
growing R. japonicum strains--USDA201, USDA205, and HC205--were isolated 
and partially characterized. Strain HC205 is a nod- mutant of USDA205 
which lacks the symbiotic plasmid. These surface polysaccharides con­
sist of extracellular, capsular and lipopolysaccharides (EPSs, CPSs 
and LPSs). The EPSs from all three strains are very similar in composi­
tion having galactose, glucose, uronic acid and acetate. These 
components are similar to the EPSs from other fast-growing Rhizobium 
species except for pyruvate which is not detected in the EPSs from fast­
growing R. japonicum strains. The CPSs from USDA205 and HC205 are very 
similar to the EPSs in composition except they contain increased amounts 
of acetate. The CPS from USDA201 is isolated in very small amounts 
and is different in composition from the EPSs in that it is reduced 
in glucose and increased in uronic acid. The EPSs and CPSs are different 
from those of the slow-growing �· japonicum strains which vary from 
strain to strain and can consist of methylated sugars and deoxysugars. 
The LPSs were purified by phenol/water extraction and gel filtration 
chromatography. The LPSs from USDA205 and HC205 elute as broad peaks 
from the gel filtration column and contain 2-keto-3-deoxyoctonic acid 
(KDO) as one of the maj or sugar components. The LPS from HC205 differs 
from that of USDA205 in that it contains ribose. Both USDA205 and HC205 
LPSs have a lamba max at 260 nm. Both the ribose content and the lamba 
i 
max at 260 nm are resistant to RNase treatment. Gel-filtration of the 
phenol/water extracted polysaccharides from USDA201 results in two dis­
tinct KDO containing peaks (LPSl and LPS2). Both LPSl and LPS2 have 
similar compositions containing ribose, 2, 3-di-O-methyl-hexose, galactose, 
glucose and KDO. Again KDO is a major sugar, LPS2 having the largest 
amount of KDO. None of the LPSs contain heptose. The presence of KDO 
as a maj or sugar in the LPSs makes these LPS different from the 
phenol/water extracted polysacch�rides of the slow-growing �· japonicum 
strains which do not contain detectable levels of KDO, and different 
from the LPSs from other fast-growing Rhizobium species which contain 
1-5% KDO. The LPSs from R. meliloti strains are other LPSs in which 
KDO is a major sugar. Polyacrylamide gel electrophoresis shows that 
the LPS are typically heterogeneous molecules. Differences in banding 
patterns are observed among the fast-growing �· japonicum LPSs as well 
as the differences between these LPSs and other fast-growing Rhizobium 
LPSs. 
ii 
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INTRODUCTION 
There are many reports which suggest that the surf ace polysaccha­
rides of Rhizobia play an important role in determining the specificity 
of Rhizobium-legume symbiosis (3,6,11,26). A current hypothesis is 
that host plant lectins interact selectively with microbial cell surface 
carbohydrates and serve as determinants of recognition or host specificity. 
Several reviews have appeared recently which discuss recognition in 
plant/microorganism interactions and the possibility of lectin-mediated 
recognition (3,6,11,23,26). 
Recently, Keyser et al. 1982, have characterized a new group of 
fast-growing, acid producing Rhizobia from the Peoples Republic of China 
that are capable of nodulating soybeans. While these isolates share 
host-specificity characteristics with the slow-growing R. japonicum 
strains their biochemical properties . are more closely related to other 
fast-growing species of Rhizobium. Ten fast-growing strains of �· 
j aponicum were partially characterized with respect to antibiotic sensi­
tivity, plasmid content, nodulation capability, and ability to bind 
soybean lectin (2, 17,21,22,25,31). Working with these ten strains, 
Masterson et al. 1982 and Appelbaum et al. 1984, suggested that nif 
genes and nod genes may be linked on a single plasmid in seven strains-­
USDA191, USDA192, USDA193, USDA201, USDA206, USDA217, and USDA257. 
Similar results were obtained for USDA205 (B. Rolfe, personal communica­
tion). · One strain, USDA191, forms nodules with nitrogenase activity 
on many soybean cultivars, while the others form effective nodules only 
on cultivar Peking (21,31). In five strains a plasmid was found to 
1 
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have homology to a cloned DNA fragment containing the nifD and nifH 
genes of R. meliloti (22). The hybridization of the�· meliloti P2 
promoter and K. Pneumoniae nifHDK hybridization probe PSA30 to genomic 
DNA from R. trifolii, �· leguminosarum, R. japonicum and �· phaseoli 
shows that there is an extensive conservation among Rhizobia of 
regulatory sequences concerned with symbiotically controlled transcrip­
tion of nif genes (4). Unlike the fast-growing Rhizobium species, the 
slow-growing �- japonicum strains, e.g. 61A76 or 61A23, appear to have 
their symbiotic genes on the chromosome (16, 22). In symbiotic charac­
teristics, the fast-growing R. japonicum strains are intermediate be­
tween slow-growing R. japonicum and slow-growing cowpea Rhizobia (27). 
The availability of these fast-growing�· japonicum strains will facilitate 
the study of�· japonicum symbiosis. At the present time there are 
no reports characterizing the surface polysaccharides from these strains. 
In this report we describe the partial characterization of the 
surface polysaccharides from two fast-growing�· japonicum strains, 
USDA205 and USDA201, and from a nod- mutant HC205. The HC205 strain 
is missing the sym plasmid and is derived from USDA205 (B. Rolfe, personal 
communication). 
EXPERIMENTAL 
Growth of Bacteria 
Three strains of�· j aponicum, USDA205, its nod mutant HC205, 
and USDA201, obtained from Dr. Barry Rolfe of the Australian National 
University, were grown on a rotary shaker at room temperature for 4-6 
days in 40 mLs of yeast-extract-mannitol (YEM)/gluconate media in 125 mL 
flasks. The media was prepared from 0. 5 g/L K2HP04, 0. 2 g/L MgS04•7H2o, 
0. 1 g/L NaCl, 5. 0 g/L mannitol, 5. 0 g/L sodium gluconate, and 0. 5 g/L 
yeast extract. The pH was adj usted to 6. 7-7. 0. The media was autoclaved 
at 121°C for a length of time determined by the volume being sterilized. 
The bacteria grown in 125 mL flasks were monitored by observing the gram 
stain character and plating on nutrient agar (NA) and yeast extract man­
nitol agar, and then transferred to 8L of YEM/gluconate media in a 14L 
bottle aerated with filtered air. The absorbance reading at 620 nm due 
to light scattering of the culture media was taken twice a day from the 
14L bottle using deionized water as the reference. From these values a 
growth curve was plotted, Fig. 1. When the curve leveled off at station­
ary phase, the bacteria were tested by gram staining method and plating 
on NA and YEM agar and harvested by centrifugation at 10,000 g for 20 
minutes using a Sorval SS-3 centrifuge with a GSA rotor. 
Isolation and Purification of the Polysaccharides 
Extracellular Polysaccharides (EPS). The bacteria free supernatant 
was concentrated to about 200 mL by rotary evaporation under reduced 
pressure at about 40°C. After concentrating , the supernatant was mixed 
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Fig. 1. Growth curve for Rhizobium japonicum strains USDA205, HC205, 
and USDA 201. 
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with ethanol in a 1 : 3  ratio (media to ethanol). This precipitated 
out the EPS. The precipitate was separated by centrifugation at 
10,000 g for 20 minutes, dissolved in deionized water, dialyzed at 
4°C against deionized water and freeze dried. The EPS was purified 
24 by Cetyltrimethyl aJllIIlonium bromide (CTAB) precipitation method, 
Table 1. 
Capsular Polysaccharides (CPS). The bacteria were washed with 
500 mL of saline buffer containing 2.11 g/L Na2HP04 and 7�2 g/L NaCl 
at a pH of 7.2. This was done by combining the bacteria with the 
buffer in a Waring blender and blending for one minute, letting it 
settle for one minute and repeating this until the supernatant did 
not contain any hexose as measured by the anthrone test. The mixture 
was centrifuged at 10,000 g for 20 minutes. This procedure removes 
the CPS. The saline supernatant solutions were combined and concen-
trated to about 200 mL by rotary evaporation under reduced pressure 
at about 40°C. The concentrated solution was mixed with ethanol in 
a 1 : 3  ratio to precipitate out the CPS. The precipitated CPS was 
separated by centrifugation at 10,000 g for 20 minutes, dissolved in 
deionized water, dialyzed at 4°C against deionized water and freeze 
dried. 24 The CPS was purified by CTAB precipitation method, Table 1. 
Lipopolysaccharides. The saline washed bacteria were weighed 
to determine the wet weight obtained from 8 L culture. To isolate 
the LPS from the cell wall, a hot water/phenol extraction was done. 
This procedure followed the method of R. Carlson, R. E. Sanders, C. 
Napoli, and P. Albersheim (9). The bacteria were mixed with deionized 
water to make a total volume of 100 mL and heated in a hot water bath 
to 65°C. To this mixture 100 mL of 65°C phenol ( 90%) was added. The 
mixture was stirred for 15 minutes, and the temperature was kept at 
6 
Table 1. Cetyltrimethyl ammonium bromide (CTAB) Treatment to EPS and 
CPS to Remove Mannan 
A. Solutions 
B. 
1. 0.01 M Na2so4 
2. 3 % CTAB solution 
3. 10% NaCl solution 
4. 1% NaCl 
Procedure 
1. 25-30 mg samples were dissolved in 50.0 mL of solution 1. 
2. 5.0 mL of solution 2 were added dropwise. 
3. The above solution was placed on shaker for 2 hours at 37°C. 
4. The precipitate was collected by centrifugation. 
5. The precipitate was washed with 50. 0 mL of deionized water three 
times. 
6. The precipitate obtained was dissolved in 25 mL of Solution 
3. 
7. 50.0 mL of acetone was added , mixed , centrifuged and the pre-
cipitate was collected. 
8. The precipitate was dissolved in Solution 3, dialyzed as follows, 
and freeze dried. 
a. 2x against Solution 4 
b. 2x against deionized water 
7 
65°C. The solution was then cooled on ice for 15 minutes, followed 
by centrifugation at 15,000 g for 20 minutes. The top layer, water, 
was removed and saved. Another 100 mL of 65°C water was added to the 
phenol layer. The same procedure as above was followed. The two 
water layers were combined, dialyzed at 4°C against deionized water. 
The dialyzed water layer material was treated with 0.1 mL DNase (lmg/mL) 
and 0.1 mL RNase (lOmg/mL) in 10 mL of 0.01 M MgS04/0.l M Tris base 
(pH = 7.5) per 100 mL water layer solution. The solution was then 
allowed to stand at room temperature overnight and dialyzed at 
4°C against deionized water. It was then concentrated to about 50 mL 
by rotary evaporation under reduced pressure at 40°C and freeze dried. 
The resulting water layer material contained LPS. This sample 
was put on Sepharose 4-B gel filtration column (30). The sample was 
dissolved in a volume of buffer no greater than 1% of the column bed 
volume and was applied to the column. Up to 200 mgs of the sample 
could be applied to the column. The buffer used on the column contained 
10 rnM ethylenediaminetetraacetic acid (EDTA), 30 mM triethylamine (TEA) 
and 0.02% NaN3 at a pH of 7. 0. The buffer was degassed before use. 
The void and the included volumes of the column were determined by 
using blue dextran and glucose respectively. Using the EDTA/TEA buffer 
on the column, 5 mL fractions were collected at a rate of one drop every 
10-15 seconds. The fractions collected were assayed for hexose using 
12 the anthrone assay, Table 2, and KDO using the thiobarbituric acid 
29 assay, Table 3. From a sepharose 4B column, several polysaccharide 
fractions are possible. The largest molecular weight polysaccharide 
elutes at the void volume. This polysaccharide is too large to inter-
act with the beads of the column, and so it goes directly through. 
The smallest polysaccharide elutes at the included volume. This poly-
8 
Table 2. Anthrone Assay for Hexose 
A. Solutions 
1. 0.2% anthrone in concentrated H2so4 
2. 1 mg/mL solution of sample 
3. 1 mg/mL solution of glucose (standard) 
B. Procedure 
1. To a sample of series of dilutions brought to a final volume 
of 500 µL, 1 mL of solution 1 was added, with vortex stirring. 
2. The solution was heated in a boiling water bath for 5 minutes 
and the absorbance was then read at 620 nm. 
9 
Table 3. KDO Assay 
A. Solutions 
1. 0. 4 N H2so4 
2. 0. 04N HI04 in 0. 4N H2so4 
3. 2.0% NaAs02 in 0.5N HCl 
4. 0. 3% Thiobarbituric acid 
5. 0. 1 mg/mL KDO solution (standard) 
6. 1. 0 mg/mL solution of sample 
B. Procedure 
1. To the sample or series of dilutions brought to a final volume 
of 200 µL, 20 µL of 0.4 N H2so4 was added, with vortexing, and 
heated in a boiling water bath for 30 minutes. 
2. Then 250 µL of solution 2 were added and the solution was 
vortexed and let to set for 40 minutes at room temperature. 
3. Then 500 µL of solution 3 was added with vortexing and the solu­
tion was allowed to stand at room temperature for five minutes. 
4. Next 2. 0 mL of solution 4 was added, with vortexing and the 
solution was placed in a boiling water bath for 20 minutes. 
Upon cooling the absorbance was read at 548 nm. 
10 
saccharide is small enough that it interacts with the beads as much 
as possible. Polysaccharides which elute at a partially included 
volume interact with the beads in varying amounts, depending on their 
size. The larger they are, the less they interact with the column 
beads. The LPS fraction elutes in the partially included volume. If 
the polysaccharides are heterogeneous in size, they give a broad peak. 
All of the peaks from the 4B column were dialyzed at 4°C against 
deionized water and freeze dried. This material was considered puri-
fied LPS and used for compositional analysis and Polyacrylamide Gel 
Electrophoresis (PAGE) analysis. Figure 2 shows the overall isolation 
scheme of the different polysaccharide fractions. 
Compositional Analysis of the Polysaccharides 
Colorimetric assays were used for quantitative determination of 
12 5 29 neutral sugars, Table 2; uronic acid, Table 4; KDO, Table 3; 
pyruvic acid, 20 Table 5; and acetyl groups, 18 Table 6, using lmg/mL 
solutions of the polysaccharides. Amounts were determined by comparing 
the results to a series of dilutions of a lmg/mL solution of the 
appropriate standard. 
The neutral sugars of the LPS were identified and quantitated by 
gas chromatography of their alditol acetate derivatives.1 This was 
done by lyophilizing a sample of the polysaccharide, containing approxi-
mately 250 µg of hexose as determined using the anthrone assay, 
hydrolyzing it to monomeric sugars and reducing and acetylating the 
sugars as shown in Table 7. The resulting sample was then dissolved 
in 20-50 µL of acetone and 1-6 µL were injected into a Hewlet Packard 
High Efficiency gas chromatograph using a column packed with Supelco 
SP-2330 liquid phase. The chromatograph used an FID detector with a 
hydrogen/compressed air flame source and was interfaced with an 
1 1  
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Table 4. Uronic Acid Assay 
1. 0. 0125 M Na2s4o7 • 10 H2o in concentrated H2so4 
2. 0.15% m-hydroxydiphenyl in 0. 5% NaOH 
3. 0.1 mg/mL solution of glucuronic acid (standard) 
4. 1.0 mg/mL solution of sample 
B. Procedure 
1. To the sample or a series of dilutions brought to a final volume 
of 200 µL with H2o, 1. 2 mL of solution 1 was added with vortexing 
and the solution was heated in a boiling water bath for five 
minutes. 
2. The samples were then cooled in an ice bath for one to two 
minutes and then 20 µL of solution 2 were added with vortexing 
and let to set at room temperature for five minutes. 
3. The absorbance was then read at 520 nm. 
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Table 5. Pyruvic Acid Assay 
A. Solutions 
1. 2,4-dinitrophenylhydrazine (DNP), 500 µmoles in 100 mL 2.0 N 
HCl (dissolved at 40°C 
2. 2.2 N NaOH 
3. 2.0 N HCl 
4. 0.1 mg/mL pyruvic acid (�tandard) 
5 .  Toluene 
6. 10.0% Na2co3 
7. 1.0 mg/mL of LPS sample 
B. Procedure 
1. To a series of dilutions brought to a final volume of 200 µL, 
0.3 mL of solution 3 were added and the mixture was heated at 
100°C for three hours in sealed tubes. 
2. Then 0.1 mL of solution 1 was added, with vortexing, and this 
was left at room temperature for 30 minutes. 
3. Then an equal volume of toluene (0.6 mL) was added, with vortexing. 
The bottom layer was then removed and to the toluene layer remain­
ing, 0.6 mL of solution 6 were added with vortexing . The top 
toluene layer was then removed and discarded. 
4. Next 0.4 mL of H2o and 1.0 mL of solution 2 were added to the 
bottom layer with vortexing. Absorbance was then read at 416 nm. 
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Table 6. Acetyl Group Assay 
A. Solutions 
1. 2M Hydroxylaminehydrochloride 
2. 3.5 N NaOH 
3. 1 part concentrated HCl and 2 parts H20 
4. 0.37 M FeC13 in O.lN HCl 
5. 0.5 mg/mL B-D-glucose pentacetate, in MeOH (the standard) 
6. 1 mg/mL solution of the LPS sample 
B. Procedure 
1. To a series of dilutions of the LPS sample and the standard, 
800 µL of a mixture of equal parts of solutions 1 and 2 were 
added, vortexed and let stand one minute. 
2. Then 400 µL of solution 3 were added to each with vortexing. 
3. Next 400 µL of solution 4 were added with vortexing and the 
absorbance was read at 540 nm. 
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Table 7. Acetylation Procedure 
(Preparation for Gas Chromatography Analysis) 
1. Prepare a standard sugar solution containing 1 mg/mL of each standard 
sugar. This solution may be stored in the freezer and reused. 
2. Prepare a 1 mg/mL solution of inositol to use as the internal 
standard. This also may be stored in the freezer and re-used. 
NOTE: DRY THE STANDARD SUGARS AND THE SAMPLES IN THE VACUUM OVEN BEFORE 
PREPARING THE SOLUTIONS .  
3. Prepare a 1 mg/mL solution of the sample polysaccharide. 
4. Determine the % hexose of the sample using the anthrone assay. 
5. Place a volume of the sample equivalent to not more than 250 micro­
grams of hexose in a screw-cap test tube. In another tube place 
100 µL of the standard sugar solution. Add 20 µL of inositol solution 
to each tube. Dry the samples and standards using filtered air or by 
freeze-drying. 
6. Add 500 µL of a 2M TFA (trifluoroacetic acid) solution to each tube . 
Seal with the teflon-lined screw cap and heat at 121° for two hours . 
7. Remove tubes and blow-dry with filtered air. This may be done at 
40 to 50° unless the sample is a methylated polysaccharide . For a 
methylated polysaccharide blow-dry at no more than 35°. 
8. Prepare a 10 mg/mL solution of sodium borohydride (or sodium 
borodeuteride) in lM ammonium hydroxide. For methylated polysaccha­
rides always use sodium borodeuteride. ·Add 250 µL of this solution 
to each sample, mix and allow to stand for one hour at room tempera­
ture. Allow to stand for two hours for methylated samples. 
9. Add 50 µL of glacial acetic acid. Vigorous bubbling should take 
place! Repeat two more times. 
16 
10. Add 500 µL of a 9/l : MeOH/HOAc solution to each tube. Blow dry using 
filtered air. (For methylated samples keep temperature at 35° or 
below.) Repeat four times. 
11. Add 500 µL of MeOH to each tube and blow dry as in step 10. Repeat 
four times. 
12. Add 50 µL of pyridine and 50 µL of acetic anhydride to each tube. Mix , 
seal with teflon cap and heat at 121° for 30 minutes. 
13. Cool on ice and extract by adding 500 µL of water and 500 µL of chloro­
form. Mix , centrifuge on table top centrifuge for five minutes , remove 
water layer (top) with Pasteur pipette and extract again by adding 
fresh chloroform to this water layer. Collect both chloroform layers 
and blow-dry with filtered air at room temperature. 
14. Analyze by dissolving sample in 20 to 50 µL of acetone and injecting 
1 to 5 µL onto the GC. For the gas chromatography , we use 2m x 4mm 
I. D. column packed with Supelco SP330. 
NOTE: TO INSURE PURITY OF ALL SOLVENTS THEY SHOULD BE SPECTROMETRIC GRADE, 
HPLC GRADE, OR DISTILLED PRIOR TO USE. 
17 
Apple IIe computer . The computer, with an Epson Printer, charted the 
chromatogram, calculated retention times and peak areas, correlated 
sample peaks with peaks stored in the memory from a standard sample, 
and calculated mgs of sugar acetylated . Inositol was used as the 
internal standard, and for comparison the external standards were 
rhamnose, fucose, ribose, xylose, mannose, galactose, and glucose . 
The amount of sugar in the sample that was not in the external standard 
was calculated using the standard sugar with the nearest retention time . 
The sugar samples were also analyzed by gas chromatography/mass spec-
trometry for further qualitative verification . This was done at the 
NIH Regional Center at Washington University, St . Louis, Missouri . 
Electrophoretic Analysis 
Discontinuous SDS polyacrylamide gel electrophoresis (PAGE) of the 
purified LPS was done to determine any variations in the banding 
19 patterns . The solutions used in the PAGE analysis are listed in 
Table 8. This electrophoresis technique separates the polysaccharides 
on the basis of their sizes and charges . Discontinuous PAGE was 
carried out in gels containing two pore sizes, a large pore "stacking 
gel" and a small pore "separating gel" . Approximately 24 hours prior 
to running the analysis, a 12 . 5% acrylamide running gel was poured by 
combining the proper solutions, Table 8, and just prior to pouring, 
adding the polymerizing agents: 0 . 05 mL of 10% ammonium persulfate 
and 0.007 mL of N,N,N',N'-tetramethylethylenediamine (TEMED) . One 
hour prior to running the gel, a 5% acrylamide stacking gel was poured 
using the proper solutions, Table 8, and adding the same amounts of 
polymerizing agents . To 20 µg of the lyophilized LPS and a lyophilized 
sample of 5 µg each of BSA (MW = 66,000), Ovalbumin (MW = 45,000), 
8-lactalbumin (MW = 18,400) , and lysozyme (MW = 14,300) , 20 µL of 
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Table 8. Polyacrylamide Gel Electrophoresis Solutions 
A .  Stock Solutions 
1 .  Running gel stock buffer : 22 . 71 g Tris and enough deionized 
water (dH20) for a 100 mL final volume, adj usted to a pH = 8. 8. 
2 .  Stacking gel stock buffer : 7 . 69 g Tris and enough dH2o to equal 
a final volume of 100 mL, adj usted to pH = 6 . 8 .  
3 .  Stock acrylamide solution : 25 g Acrylamide, 0 . 625 g Bis acryl­
amide and dH2o for a fin�l volume of 50 mL . 
4. Sodium dodecylsulphate (SOS) 10% solution : 2 . 5  g SOS and 25 mL 
of dH20 .  
5 .  Sample preparation solution : 100 mL stock solution #2, 10 g 
sucrose, 2 g sodium dodecylsulphate (SOS), 25 mg Bromphenol 
blue, and 25% B-mercaptoethanol . 
6 .  Running buffer : 28 . 8  g/L Glycine, 6 . 0  g/L Tris and 1 . 0  g/L SOS . 
B .  Preparations 
1 .  Running gel 5 . 0  mL solution 1, 6 . 0  mL solution 2, 0 . 25 mL 
solution 4, and 13 . 75 mL degassed dH20 .  
2 .  Stacking gel preparation : 
2 . 0  mL solution 2, 1 . 0  mL solution 3, 0 . 1  mL solution 4, and 
6 . 9 mL of degassed dH20 .  
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Solution #5, from Table 8, were added and the solutions were sealed 
in glass tubes and heated in a boiling water bath for five minutes. 
To run the gel, the running buffer was added to the apparatus and the 
samples were applied to separate wells in the gel. A constant current 
of 20 
bottom of the gel (approximately four hours). At this time the gel 
was removed, the well containing the protein markers was removed and 
the carbohydrate and protein containing gels were stained appropriately, 
Table 8. 
The protein was stained by placing in the solution of lOOmL glacial 
acetic acid , 2. Sg Brilliant Blue G dye and 650mL of deionized water over-
night. Then the gel was destained overnight in a solution containing 
40mL methanol, 20mL glacial acetic acid, and 140mL of deionized water. 
The carbohydrate was stained by the following procedure: 
1. FIXATION : 40% EtOH, 5% glacial acetic acid, 
55% H20; overnight. 
2. OXIDATION : 0. 7% periodic acid, 40% EtOH, 
5% glacial acetic acid, 55% H2o; 5 minutes. 
3. RINSE : deionized H20, three times, 15 minutes each. 
4. STAINING: 28 mL 0. 1 N NaOH, 115 mL deionized 
H20, 2 mL NH40H, and 5 mL 20% AgN03; 10 minutes . 
5. RINSE : 
each. 
Deionized H2o, three times, 15 minutes 
6. DEVELOPING :  0. 5 mL 4 7% formaldehyde, 50. 0 mg 
citric acid, and 200 mL deionized H20; two to five minutes. 
7. STOP BATH : 0. 7 mL glacial acetic acid and 
200 mL deionized H20; 30 minutes. 
8. RINSE : deionized H20; overnight. 
RESULTS 
Gel Filtration Chromatography of the Phenol/Water Extracts 
During the purification of LPS. the polysaccharides extracted into 
the water by phenol/water extraction are subjected to Sepharose 4B gel 
filtration column chromatography using an EDTA/triethylamine solution 
(5,9). The phenol/water extracts from the fast-growing Rhizobium 
species (e.g. �· trifolii) elute as two polysaccharide peaks, a large 
molecular weight symmetrical peak containing KDO (the LPS) and a small 
molecular weight glucose rich peak (6,8,9). In the case of the slow­
growing �- japonicum strains the phenol/water extracts elute in some 
cases as a broad hexose peak containing very small amounts of KDO and 
in other cases as only a glucose rich small molecular weight polysac­
charide (Carlson et. al. in preparation). The 4B elution profiles of 
the phenol/water extract from the fast growing R. japonicum strains 
are different from the other fast-growing Rhizobium species and also 
from the slow-growing R. japonicum strains. The results are shown in 
Figure 3. The 4B elution profiles of the water layer material from 
USDA205 and its nod- mutant, HC205, give only one peak. The peak con­
tains both hexose and KDO, and elutes between the void and included 
volumes. The elution profile is similar to that obtained from some 
slow-growing�· japonicum strains except that for slow-growers we do 
not find high levels of KDO (Carlson et. al.; preparation). The broad­
ness of the peak indicates that the LPS of both the parent and the 
mutant strains are heterogeneous in size. 
20 
21 
The elution profile of a Sepharose 4B gel filtration column of 
the phenol-water extracted material of USDA201 reveals the presence of 
two KOO-containing peaks; a large molecular weight peak and a small 
molecular weight peak (Figure 3C). Also there is a large molecular 
weight hexose and small molecular weight hexose peak. These hexose 
peaks elute with the void and the included volumes respectively, and 
do not contain KDO (Figure 3C). All the peaks were collected and 
analyzed. The KDO containing peaks are considered to be LPS (LPS I 
and LPS II). 
EPS and CPS Analysis 
The compositions of the EPS from strains USDA205, HC205 and USDA201 
are shown in Table 9. The EPS are quite similar to one another. The 
major components of these strains are galactose, glucose and uronic 
acid. The EPS do not contain detectable levels of pyruvate but do con­
tain acetate. Table 10 gives the CPS compositions of these strains. 
The CPS from USDA205 and HC205 are not significantly different in their 
compositions and except for the greater amount of acetate, are similar 
to the EPS compositions. The CPS from USDA201 is quite different in 
composition from the other CPS and also from the EPS compositions in 
that the glucose content is greatly reduced while the uronic acid con­
tent is increased. 
LPS Analysis 
Table 11 shows the composition of the LPS from these fast-growing 
strains. The LPS vary in their composition among all three strains and 
also contain the typical LPS sugar, 2-keto-3-deoxyoctonic acid (KDO). 
The LPS from the mutant HC205 is quite different from the parent USDA205 
in that it contains a pentose sugar which is missing in the parent LPS. 
This pentose has the same retention time as ribose. In addition UV 
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Fig. 3. Sepharose 4B column chromatography of the phenol/water extracted 
polysaccharides from R. japonicum strains USDA205 (A), HC205 (B) 
and USDA201 (C). The column is 3.5 by 50 cm and 5 mL fractions 
were collected. The solid line represents KOO and the broken 
line hexose (anthrone assay). The void and included volumes are as indicated. 
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Table 9. The Relative Composition of the EPS from the Fast-Growing 
Rhizobium japonicum Strains 
Uronic 
Strain Gal Glc Acid Acetate Pyruvate 
USDA201 17±0 50±4 27±1 6±1 0 
USDA205 18±2 42±3 29±2 11±1 0 
HC205 19±1 46±4 25±1 10±1 0 
The compositions are given as relative percents and account for 78% mass 
of USDA201, 73% of USDA205 and 83% of HC205. 
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Table 10. The Relative Sugar Compositions of the CPS from the Fast­
Growing Rhizobium japonicum Strains 
Uronic 
Strain Gal Glc Acid Acetate Pyruvate 
USDA201 11 24 49±3 17 0 
USDA205 17 37 29±9 16±1 0 
HC205 18 28 38±1 16±1 0 
The compositions are given as relative percents and account for 13% of 
the mass of USDA201, 32% of USDA205 and 42% of HC205. 
Table 11. 
Strain 
USDA201I 
USDA201II 
USDA 205 
HC205 
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The Relative Sugar Compositions of the 
Growing Rhizobium japonicum Strains 
Man Gal 
0 6±2 
0 13±2 
8±6 20±2 
0 14±1 
Glc 
10±1 
8±1 
12±2 
22±1 
� ---- - -
U.A. Ac Pyr 
41±1 20±2 0 
20±2 20±2 0 
36±2 11±2 0 
26±3 12±1 0 
KDO 
9±1 
16±0 
13±0 
9±0 
LPS from the Fast-
Ribose 
8±1 
12±4 
Tr 
18±0 
Pen II 
0 
0 
Tr 
0 
--- - ·- - ·  
Mhex 
6±1 
12±3 
0 
0 
The compositions are given as relative percents and account for 40% of 
the mass of USDA201I, 40% of USDA201II, 45% of USDA205 and 50% of HC205. 
Mild acid hydrolysis of USDA201LPS1 has shown that 43% of this LPS is 
released as a precipitate, presumably lipid. Ac=acetate; Pyr=pyruvate; 
PenII=second pentose; Mhex=2,3-di-0-methylhexose; U.A.=uronic acid; Tr= 
trace amounts present. USDA2011=LPS1 and USDA201II=LPS2 isolated by 
Sepharose 4B column chromatography (see text). 
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spectroscopy reveals that each LPS has a A at 260 nm (Figure 4). max 
Even though these preparations were treated with RNase during purifi-
cation, the possibility remained that they were contaminated by RNA. 
Therefore they were further treated with RNase and analysed. The treat-
ment had no effect on the ribose content or the UV spectra. The activity 
of the RNase was confirmed by its ability to hydrolyse yeast RNA. There-
fore the ribose and the UV absorbing material in these LPS preparations 
are resistant to RNase. The co�positions of LPS I and LPS II from 
USDA201, shown in Table 11, are qualitatively similar to one another; 
the lower molecular weight LPS II  containing more KDO and less uronic 
acid than LPS I. Both LPS I and LPS II contain ribose as well as a 2,3-di-
0-methyl hexose. The methylated sugar and the pentose were identified 
by combined GC/MS. Figures 5, 6, and 7 show the mass spectra of these 
sugars. 
Polyacrylamide Gel Electrophoresis (PAGE) of LPS 
Figure 8 shows the results of PAGE analysis. The LPS from R. 
legurninosaryrn 128C53 was included (well 7) so that the fast growing R. 
japonicurn LPS would be compared to the LPS from other fast-growing 
species. The PAGE analysis of�· leguminosarum 128C53 LPS has been 
previously described (7). The results show two banding regions, a 
-
higher molecular weight heterogeneous region and a lower molecular 
weight band. Only LPS II from USDA201 does not show their general 
banding pattern. In the case of USDA201 and HC205 LPS there is also a 
band which appears to move with the ionic boundary and must be of a low 
molecular weight. The general banding pattern of these fast-growing 
�· japonicum LPS is different from the pattern for�· leguminosarum 
LPS in that the lower molecular weight band has a lower relative mobility 
than that of the R. leguminosarum 128C53 LPS and the higher molecular 
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Fig. 5. The mass spectrum of the 2,3-di-o-methylhexose sugar found in 
the LPS from USDA201. The primary fragments are as indicated. 
Most of the remaining e/m signals can be accounted for by the 
loss of acetic acid (60), ketene (42) or both from the primary 
and secondary fragments. 
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Fig. 6. The mass spectrum of the hexose sugar found in the LPS from 
USDA205, HC205 and USDA201. The primary fragments are as 
indicated. Most of the remaining e/m signals can be accounted 
for by the loss of acetic acid (60), ketene (42) or both from 
the primary and secondary fragments. 
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The mass spectrum of the pentose sugar found in the LPS from 
HC205 and USDA201. The primary fragments are as indicated. 
Most of the remaining e/m signals can be accounted for by the 
loss of acetic acid (60), ketene (42) or both from the primary 
and secondary fragments. 
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Fig. 8. Polyacrylamide gel electrophoresis of the LPSs from USDA205 
(well 2), HC205 (well3), USDA201 LPSI (well 4) and USDA201 
LPSII (well 5). The protein standards, stained with Coomassie 
Blue, are shown in well 1 and are from top to bottom: BSA 
(66K), Ovalbumin (45K), S-lactoglobulin (18. 4K) and lysozyme 
(14. 3K). Wells 6 and 7 contain LPSs from R. trifolii 0403 and 
R. leguminosarum 128C53 Sm (r) rif (r) respectively. These latter 
two LPSs have been described in a report (7). Approximately 
25 µg of each LPS was analyzed. The gel is a 12. 5 acrylamide 
SOS gel prepared as previously described (7,19). Region A, 
band B and region C mark the higher molecular weight hetero­
geneous region, the low molecular weight band and the lower 
molecular weight heterogeneous region respectively of the fast­
growing �· japonicum strains. Region C and band E mark the 
heterogeneous banding region and the lower molecular weight 
band respectively of the other fast-growing Rhizobium species. 
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weight region is less heterogeneous and is of a higher mobility than 
the corresponding region from�· leguminosarum 128C53 LPS. There are 
also differences between the fast-growing �· japonicum LPSs. Most 
significantly the LPS from the nod (sym-) mutant of USDA205, HC205, 
contains more of the higher molecular weight region and less of the 
lower molecular weight band than USDA205 LPS. The HC205 LPS also con­
tains more high molecular weight material than the USDA201 LPS. 
DISCUSSION 
The EPS and CPS 
The compositions of the EPS and CPS from USDA205 and HC205 strains 
are quite similar (Table 9 and 10). The EPS are similar to the EPS 
from other fast-growing Rhizobium species in that their major components 
are galactose, glucose and uronic acid (6), however they do not contain 
pyruvate which is commonly found in the EPS from fast-growing Rhizobium 
species (6). The EPS are unlike the EPS from slow-growing�· japonicum 
strains in that no deoxyhexoses, methylated sugars or rhamnose are 
present. The CPS from USDA 205 and HC205 are not quantitatively 
different in their compositions and, except for the greater amount of 
acetate, are similar to the EPS compositions. This result, which is 
similar to results from other fast-growing Rhizobium species, suggests 
that for these strains, the capsule may be formed by the adherence of 
EPS to the outer membrane. Further structure work is required to deter­
mine the relationship between the EPS and CPS. Perhaps the increased 
acetate content of the CPS is related to its ability to bind to the 
bacterial outer membrane. The similarity between USDA205 and HC205 EPS 
shows that the absence of the sym plasmid does not affect the EPS. This 
suggests that the sym plasmid does not contain the genes required for 
the biosynthesis of EPS. The CPS from USDA201 is quite different in 
composition from the other CPS and also from the EPS compositions in 
that the glucose content is greatly reduced while the uronic acid con­
tent is increased. 
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If EPS determines the specificity of Rhizobium-legume symbiosis then 
the expectation is that EPS from strains of a single Rhizobium species 
would have identical or very similar structures, i.e. the EPS would be 
structurally species specific but its nod mutant would have very 
different EPS structure. However, Table 9 shows that there is not a 
remarkable difference in the EPS composition of the parent and mutant 
strains of USDA205. Further structural analysis of the EPSs is in pro­
gress. Some early reports show that the EPS from �- japonicum strains, 
all of which nodulate soybean, can vary in structure from strain to 
strain (6). On the other hand the EPS from strains of R. trifolii, R. 
leguminosarum and R. phaseoli--three species with different legume 
hosts--can have identical structures (6, 13, 14, 15, 24). Thus our 
results support the earlier reports and also suggest that EPS structures 
may not be important in determining symbiotic specificity. Like EPS, 
there is no considerable difference in the CPS composition of USDA205 
and its nod mutant HC205. However, a significant percent of the CPS 
mass remains unidentified and thus these fractions will require further 
analysis before any conclusions regarding CPS are made. 
The LPS 
There are some major differences between the phenol/water extracted 
polysaccharides of the slow-growing and fast-growing �- japonicum 
strains. The phenol/water extracted polysacchairdes from the slow­
growers are devoid of the typical LPS sugar, KDO; and for two serogroups 
are very similar in composition to their EPS and CPS. These LPS from 
the fast-growing strains described in this thesis are rich in KDO and 
are not similar in composition to their EPS or CPS. Thus it is likely 
that.fast-growing �- japonicum strains contain the general type of LPS 
found in gram-negative bacteria consisting of a lipid attached to the 
polysaccharide via the KOO sugar. 
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The presence of KDO and, in one case, a methylated sugar, 
suggested that the LPS from fast-growing �· japonicum may be somewhat 
similar to the LPS from other fast-growing species; e.g., R. trifolii, 
�· leguminosarum, R. phaseoli or R. meliloti (6, 3 2), which also contain 
KDO and many unusual sugars including methylated sugars. However, the 
compositions of the fast-growing R. japonicum LPSs are less complex than 
the LPS from other fast-growing species. In addition their elution pro-
files from the 4B column reveal that they may be significantly different 
than other Rhizobium LPSs. The LPSs from other Rhizobium species elute 
from the 4B column as a symmetrical peak between the void volume and the 
included volume indicating LPSs of a uniform size or aggregation state. 
In contrast to this the LPS from USDA205 and HC205 appear to be highly 
heterogeneous in size while the LPS from USDA201 appear as two KDO-con-
taining peaks. The reason for these differences between the fast-growing 
�· japonicum LPSs and other Rhizobium LPSs is unknown, however they 
indicate that there may be some very basic difference in the two LPS 
types. Perhaps the difference is in the lipid A which is responsible 
for the types of LPS aggregation states. The lower molecular weight LPS 
from USDA205 does not give any of the typical LPS PAGE bands present in 
the higher molecular LPS forms (see Fig. 8). Since the carbohydrate 
composition of these two LPS forms are very similar, the difference in 
banding pattern is likely due to change in the lipid content. It is 
possible that the phenol/water extraction procedure has removed the 
carbohydrate from the lipid as has been suggested for the LPS from 
Serratia marcescens (28). 
The presence of ribose and a A at 260 nm initially indicated the max 
presence of RNA in the LPS preparation. However extensive treatment 
with RNase did not effect either the ribose content or the 260 nm A max 
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Thus it is possible that these are properties of the LPSs and not due 
to RNA contamination. The presence of ribose and A at 260 nm might max 
be due to RNA which becomes resistant to RNase after phenol treatment. 
Therefore we are trying to follow the new extraction procedure in which 
the bacteria are treated with DNase and RNase before phenol/water extrac-
tion. Determining whether or not ribose is an actual LPS component is 
important since the presence of ribose in HC205 is the major difference 
between this nod- mutant and its parent USDA205. The PAGE analysis 
(Fig. 8) also shows that HC205 mutant's LPSs contain more material in 
the higher molecular weight heterogeneous region and less in the lower 
molecular wight band than its parent. Thus the absence of the symbiotic 
plasmid seems to have caused significant changes in the LPS. It is also 
important to note that since the symbiotic plasmid probably contains 
many more genes in addition to those required for nodulation and nitrogen 
fixation, these changes may not be the cause of the nodulation defect. 
Analysis of more defined symbiotic mutants will be required to determine 
the role of LPSs (as well as of EPS and/or CPS)in the symbiosis between 
these fast-growing �· japonicum strains and soybean. 
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